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The Y (4260) state was first observed by BaBar collaboration in the e + e − annihilation through initial state radiation [1] , and it was confirmed by CLEO and Belle collaborations [2] . The Y (4260) was also observed in the B − → Y (4260)K − → J/Ψπ + π − K − decay [3] , and CLEO reported two additional decay channels: J/Ψπ 0 π 0 and J/ΨK + K − [2] . The Y (4260) is one of the many charmonium-like state, called X, Y and Z states, recently observed in e + e − collisions by BaBar and Belle collaborations that do not fit the quarkonia interpretation. The production mechanism, masses, decay widths, spin-parity assignments and decay modes of these states have been discussed in some reviews [4] [5] [6] [7] . The Y (4260) is particularly interesting because some new states have been identified in the decay channels of the Y (4260), like the Z + c (3900). The Z + c (3900) was first observed by the BESIII collaboration in the (π ± J/ψ) mass spectrum of the Y (4260) → J/ψπ + π − decay channel [8] . This structure, was also observed at the same time by the Belle collaboration [9] and was confirmed by the authors of Ref. [10] using CLEO-c data.
The decay modes of the Y (4260) into J/ψ and other charmonium states indicate the existence of acc in its content. However, the attempts to classify this state in the charmonium spectrum have failed since the Ψ(3S), Ψ(2D) and Ψ(4S) cc states have been assigned to the well established Ψ(4040), Ψ(4160), and Ψ(4415) mesons respectively, and the prediction from quark models for the Ψ(3D) state is 4.52 GeV. Therefore, the mass of the Y (4260) is not consistent with any of the 1 −− cc states [4, 5] .
Some theoretical interpretations for the Y (4260) are: tetraquark state [11] , hadronic [12] , χ c1 ω molecule [13] , χ c1 ρ molecule [14] , J/ψf 0 (980) molecule [15] , a hybrid charmonium [16] , a charmbaryonium [17] , a cusp [18] [19] [20] [24] , or a J/ψf 0 (980) molecular state [25] .
In the framework of the QCDSR the mass and the decay width, in the channel J/ψππ, of the Y (4260) were computed with good agreement with data, considering it as a mixing between two and four-quark states [26] . The mixing is done at the level of the hadronic currents and, physically, this corresponds to a fluctuation of the cc state where a gluon is emitted and subsequently splits into a light quark-antiquark pair, which lives for some time and behaves like a tetraquark-like state. The same approach was applied to the X(3872) state and good agreement with the data were obtained for its mass and the decay width into J/ψππ [27] , its radiative decay [28] , and also in the X(3872) production rate in B decay [29] .
In this work we will focus on the production of the Y (4260), using the mixed two-quark and four-quark prescription of Ref. [26] to perform a QCDSR analysis of the process B − → Y (4260)K − . The experimental upper limit on the branching fraction for such a production in B meson decay has been reported by BaBar Collaboration [3] , with 95% C.L.,
where The process B → Y (4260)K occurs via weak decay of the b quark, while the u quark is a spectator. The Y meson as a mixed state of tetraquark and charmonium interacts viacc component of the weak current. In effective theory, at the scale µ ∼ m b ≪ m W , the weak decay is treated as a four-quark local interaction described by the effective Hamiltonian (see Fig. 1 ):
where V ik are CKM matrix elements, C 1 (µ) and C 2 (µ) are short distance Wilson coefficients computed at the renormalization scale
and
Using factorization, the decay amplitude of the process is calculated from the Hamiltonian (2), by splitting the matrix element in two pieces:
where p = p ′ +q. Following Ref. [29] , the matrix elements in Eq. (4) are parametrized as:
The parameter λ W in (5) gives the coupling between the current J (cc) µ and the Y state. The form factors f ± (q 2 ) describe the weak transition B → K. Hence we can see that the factorization of the matrix element describes the decay as two separated sub-processes.
The decay width for the process
with λ(x, y, z) = x 2 + y 2 + z 2 − 2xy − 2xz − 2yz. The invariant amplitude squared can be obtained from (4), using (5) and (6):
The coupling constant f + was determined in Ref. [29] through extrapolation of the form factor f + (Q 2 ) to the
Y , using the QCDSR approach for the three-point correlator [30] :
where the weak current, J W µ , is defined in (3) and the interpolating currents of the B and K pseudoscalar mesons are:
The obtained result for the form factor was [29] :
For the decay width calculation, we need the value of the form factor at
The parameter λ W can also be determined using the QCDSR approach for the two-point correlator:
where the current J (cc) ν is defined in (3) . For the Y meson we will follow [26] and consider a mixed charmoniumtetraquark current:
where
In Eq. (14), θ is the mixing angle that was determined in [26] to be: θ = (53.0 ± 0.5) 0 . Inserting the currents (3) and (14) in the correlator we have in the OPE side of the sum rule Only the vector part of the current J (cc) ν contributes to the correlators in Eq. (18) . Therefore, these correlators are the same as the ones calculated in Ref. [26] for the mass of the Y (4260).
To evaluate the phenomenological side we insert intermediate states of the Y :
where q 2 = −Q 2 , and we have used the definition (5) and
The parameter λ Y , that defines the coupling between the current J Y µ and the Y meson, was determined in Ref.
[26] to be: λ Y = (2.00 ± 0.23) × 10 −2 GeV 5 . As usual in the QCDSR approach, we perform a Borel transform to Q 2 → M 2 B to improve the matching between both sides of the sum rules. After performing the Borel transform in both sides of the sum rule we get in the g µν structure:
where the invariant functions Π 2,2 (M 
with their respective spectral densities ρ 2,2 (s) and ρ 4,2 (s) given in Appendix.
We perform the calculation of the coupling parameter λ W using the same values for the masses and QCD condensates as in Ref. [26] which are listed in Table  I . To be consistent with the calculation of λ Y we also use the same region in the threshold parameter s 0 as in Ref. [26] : √ s 0 = (4.70 ± 0.10) GeV. As one can see in Fig. 2 , the region where we get M 2 B -stability is given by:
Taking into account the variation in the Borel mass parameter, in the continuum threshold, in the quark condensate, in the coupling constant λ Y and in the mixing angle θ, the result for the λ W parameter is:
Thus we can calculate the decay width in Eq. (7) (12) and (23) . The branching ratio is evaluated dividing the result by the total width of the B meson Γ tot = 4.280 × 10 −4 eV:
where we have used the CKM parameters V cs = 1.023, V cb = 40.6 × 10 −3 [31] , and the Wilson coefficients C 1 (µ) = 1.082, C 2 (µ) = −0.185, computed at µ = m b andΛ MS = 225 MeV [32] .
In order to compare the branching ratio in Eq. (24) with the branching fraction obtained experimentally in Eq. (1), we might use the results found in Ref. [26] :
and then, considering the uncertainties, we can estimate B Y > 3.0 × 10 −8 . However, it is important to notice that the authors in Ref. [26] have considered two pions in the final state coming only from intermediate states, e.g. σ and f 0 (980) mesons, which could indicate that the result in Eq. (25) can be underestimated. In this sense, considering that the main decay channel observed for the Y (4260) state is into J/ψ π + π − , we would naively expect that the branching ratio into this channel could also be B(Y (4260) → J/ψ π + π − ) ∼ 1.0, which would lead to the following result, B Y < 1.8 × 10 −6 . Therefore, we obtain an interval on the branching fraction
which is in agreement with the experimental upper limit reported by Babar Collaboration given in Eq. (1). In general the experimental evaluation of the branching fraction takes into account additional factors related to the numbers of reconstructed events for the final state (J/ψ π + π − K), for the reference process (B → Y (4260) K), and for the respective reconstruction efficiencies. However, since such information has not been provided in Ref. [3] , we have neglected these factors in the calculation of the branching fraction B Y . Therefore, the comparison of our result with the experimental result could be affected by these differences.
In conclusion, we have used the QCDSR approach to evaluate the production of the Y (4260) state, considered as a mixed charmonium-tetraquark state, in the decay B → Y K. Using the factorization hypothesis, we find that the sum rules result in Eq. (24), is compatible with the experimental upper limit. Our result can be interpreted as a lower limit for the branching ratio, since we did not considered the non-factorizable contributions.
Our result was obtained by considering the mixing angle in Eq. (14) in the range θ = (53.0 ± 0.5) 0 . This angle was determined in Ref. [26] where the mass and the decay width of the Y (4260) in the channel J/ψπ + π − were determined in agreement with experimental values. Therefore, since there is no new free parameter in the present analysis, the result presented here strengthens the conclusion reached in [26] that the Y (4260) is probably a mixture between a cc state and a tetraquark state.
As discussed in [29] , it is not simple to determine the charmonium and the tetraquark contribution to the state described by the current in Eq. (14) . From Eq. (14) one can see that, besides the sin θ, the cc component of the current is multiplied by a dimensional parameter, the quark condensate, in order to have the same dimension of the tetraquark part of the current. Therefore, it is not clear that only the angle in Eq. (14) 
Comparing the results for the pure states with the one for the mixed state (24), we can see that the branching ratio for the pure tetraquark is one order smaller, while the pure charmonium is larger. From these results we see that the cc part of the state plays a very important role in the determination of the branching ratio. On the other hand, in the decay Y → J/ψπ + π − , the width obtained in our approach for a pure cc state is [26] :
and, therefore, the tetraquark part of the state is the only one that contributes to this decay, playing an essential role in the determination of this decay width. Therefore, although we can not determine the percentages of the cc and the tetraquark components in the Y (4260), we may say that both components are extremely important, and that, in our approach, it is not possible to explain all the experimental data about the Y (4260) with only one component.
